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Description 

TFr.HNICAL FIELD 

roooil The present invention relates to a method for 
producing a desulfurizing agent for hydrocarbon raw 
materials in steam refomf»ing processes, or the like, and 
a method for desulfurizing such hydrocarbon raw mate- 
rials. 

RACKGROUND AffT 

10002] Various types of hydrocarbons such as natural 
gas, coal gas (COG), liquefied petroleum gas (LPG) arul 
naphtha, etc., are used as raw materials ,n steam re- 
folngprocesses. These hydrocarbons generally con- 
tain sulfur. Thfe sulfur poisons catalysts used ,n the 
steam retomiing process or other processes, and thus 
lowers the catalytic activity. Accordingly, rt is nec^ 
to subjectthe raw material toadesulfurization treatment 

'rMMr'S)nventionally, atypical desulfurization meth- 
od perfomied prior to the steam refom^ing of hydrocar- 
bons is a hydrodesulfurization method comprising the 
steps of subjecting the organic sulfur contained in the 
hydrocarbon raw material to hydrogenolys.s with using 
a co-Mo type or Ni-Mo type catalyst, and removing the 
hydrogen sulfide thus produced by adsorption on zinc 

rwSl However, there are problems in such a con- 
ventional method, specifically, in the hydrodesulfuriza- 
tion process, a certain amount of organic sulfur, espe- 
cially organic sulfur that is difficult to decompose, such 
as thiophene, etc., may pass through without being ad- 
sorbed on the zinc oxide. 

[0005] Furthennore. since there are equilibria indicat- 
ed by (for example) 



ZnO + H2S = ZnS+H20 
ZnO + COS = ZnS + COg 



In the adsorption, the amounts of HjS and COS, etc., 
likewise do not fall below fixed values. This tendency is 
especially conspicuous when H^O and COa are present. 
Furthemiora.incases where the desulfurization system 

is unstable at the time of start-up or shut-down. e^c.. of 
the apparatus, sulfur may also be scattered from the hy- 
drodesulfurization apparatus and adsorption-desulfunz^ 
ing agent, so that the sulfur concentration in the purified 
product is increased. Accordingly, the desulfurizafion 
process in current steam reforming processes must be 
controlled at a level which is such that the sulfur con- 
centration In the hydrocarbon after purification is ap- 
proximately 0.1 ppm. 

[0006] On the other hand, Ni or Ru catalysts, etc.. are 



used in steam refonning processes. It is known that 
sulfides arefomied on thesurfacesof these metals even 

at low sulfur concentrations of 1 ppm or less. For exam- 
ple, as has been demonstrated by the research erf Mc- 
5 Cartyetal.(IVIcCartyetal.;J.Chem.Phys Vo.72.No. 

12 6332. 1980; J. Chem. Phys.. Vol. 74. No. 10, 5877. 
1961) since the sulfur adsorbing powers of Ni and Ru 
are extremely strong, even in cases where the sulfur 
content contained in the raw material is approximately 
10 0.1 ppm, the surfaces of Ni and Ru catalysts are alrnost 
completely covered by sulfur in an equilibnum state (sul- 
fur (average rate of 0.8 or greater). Namely, steam ra- 
fomiing catalysts are extremely sensitive to sulhir so 
Ssuch catalysts show a drop in catalytte a« |n 
IS the presence of even a small amount of sulfur. This 
means that the sulfur poisoning of steam refomfiing cat- 
alysts can not be sufficiently prevented at the current lev- 
el of hydrocartron desulfurization. 
100071 Especially in the case of substitute natural gas 
20 manufacturing processes in which methane-rich g^ 
are prepared, since the processes are pertomied at a 
low temperature, sulfur is readily adsorbed on the cata- 
lyst Processes are even more sensitive to low concen- 
trations of sulfur. Furthemiore, even in steam refonning 
25 processes, which are pertomied at a higher tempera- 
hire low concentrations of sulfur have a senous effect 
in the case where the size of the reaction apparatus 
must be reduced, as in fuel cell reformers. 
[00081 Accordingly, in order to prevent sulf ur poison- 
30 Lofthecatalystinsubsequentpmcessesandimprove 

the economy of the overall process, it is extreme^ de- 
sirable to minimize the sulf ur content in the raw rnatenal. 

rooOOl From such a standpoint. Japanese Unexam- 
Ld Patent Pubi^ation No. H1-123627 and J^-^^ 
35 Unexamined Patent Pubfcation No. HI -1 23628 dis 
close a method for manufacturing a copper-zinc type 
desulfurizing agent and a method for manufactunng a 
copper-zinc-aluminum type desulfurizing agent. When 
th^e desulfurizing agents are used, the conspicuous 
40 effect of a reduction of the sulfur concentration in the 
raw material to 1 ppb or less is achieved. However a 
large amount of these desulfurizing agents must be 
used If it is desired to maintain a high level of desulfun- 
zation over a long period of time. 
45 roOIOl On the other hand, It is known that iron and 
nickel are superiorintennsofsulfuradsorption capacity, 
and that these metals show a superior perfomiance as 
desulfurizing agents. Accordingly, these rnetals have 
been used as desulfurizing agents in several processes. 
so room However, there is a serious impediment to us- 
nq iron type desulfurizing agents or nickel type desul- 
furizing agents as is in the desulfurization of steam re- 
fomiing processes. Specifically, desulfurization in ordi- 
nary steam refonning processes is perfonned in the 
55 presence of hydrogen, and this hydrogen is supphed by 
recycled gas from the outlet port of a refomier This re- 
cyded gas contains CO and/or COj as well as hydm- 
gen. Accordingly, in the presence of an iron type or nick- 
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el type desulfurizing agent, a reaction of the hydrogen 
with CO and CO2 (methane fomiing reaction) occurs 
ih is accompanied by the problem of a la^e amount 

?S''rpareUnexaminedPatentPub,icationNo. s 

^iisoi discloses a method in which the abovemen- 
tionedmethanefomiing reaction issuppressedl^c^iis^ 
nq the raw material to contact a hydrodesulfunzafton 
^talSt and a hydrogen sulfide adsorbing agent, and 
Sttr^ducing steam and using a nickel type desu^- 
uriziig agent in a steam atmosphere. In th-s me*od^ 
how^lr the following problems arise: specifically, a 
stea^iniroduction line is required not only for the ste^ 
l^ingreactorbutateoforthedesulfurizationve^eK 

and as a result of the introduction of steam -ntothe d^- 
uIurizationvessel.the inherent desulfunzation perfonn- 

anc^ of the nickel type desulfurizing agent cannot be 

;Sr«ore.theuseofnk.ke.typed^u.ur^^ 
^agents in the absence of hydrogen has also been 20 

epold However, hydrogen is essential^ necessary 
fTthe decomposition of organic sulfur compounds and 

tSe separation of hydrocarbons that contain no suHur. 
Suppciing that organic sulfur compounds are dj^m^ 
posed in a state in which no hydrogen is P^sent the 
rposionofcartK>n.endstooccuronthesurfa^ofthe 

niLl desulfurizing agent, leading to a nse in he differ _ 
entalpressureorblockingofthedesulfunzinglayer.and 

so forth, over the long tenn. ^ 

niRrA.OSURE r.F THE INVEhfTION 

[00141 Accordingly, a principal object of the present 
nventionistoprovideanoveldesulfurizingagentwhich 

Ikes it possible to subject Mro<^*on raw ^^^^^^ - 
to a highly effective desulfurization treatment m a stable 
manneroveralongperiodoftime.usingasmall amount 

l^rSaresuftofvariousstudiesconductedforthe 

K-e ^ eliminating or alleviating ttie abovemen^ « 
S^ed problems encountered in thebackgroundart, the 
JJLnUnventor discovered that, inches wherehydro- 

cart^on raw materi^s are ^esulfunzed using a copper^ 
zinc-nickel and/or iron type desulfunzing agent and a 
copper-zinc-aluminum-nlckel and/or if- ^ype desul^ « 
furizing agent manufactured byaspeafied method the 

concentration of sulfur compounds in vanous types o 
Ta^^and oils can be lowered to the ultra-low level of 
fess than 1 ppb (to less than 0.1 PF* -^^^ ^ 
ditions) m a stable manner over a long penod of time 
whSe suppressing side reactions and the deposition of 

carbon on the desulfurizing agent. 
^Te Specmcally,thepresentinventionprovKlesthe 

SSulfuriz^ingagentmanufacturingmemodandhyd ^ 
carbon desulfurization method described below. 

1 A desulfurizing agent manufacturing method 
which is characterized in that a mixture containing 



a copper compound and a zinc compound e mixed 
with an aqueous solution of an alkali substance so 
Lt a precpitate is produced, and the precipitate 
thus obtained is cateined and fomied into a shaped 
fonn of a copper oxide - zinc oxide mi^re the 
shaped torn is impregnated with iron and/or nickel 
and further calcined to produce a calcined oxide 
and the calcined oxide thus obtained is reduced 

f ^hTdesuJurizing agent manufacturing method 
according to claim 1 , wherein the iron and/or nickel 
content in the cateined oxide is 1 to 10 wt /o. 

3 The desulfurizing agent manufactunng method 
according to claim 1 or claim 2. wl^-^^^ 
of the cateined oxide fe perfomied at 150 to 300 C 
with using dilute hydrogen gas in which the hydro- 
gen concentration is 6 vol % or less. 

4 A desulfurizing agent manufactunng method 

whteh is characterized in that a '^^^^^^^'^''^ 
a copper compound, a zinc compound and an alii 
minum compound is mbced with an aqueous solu^ 
tion of an alkali substance so that a precipitate e 
produced, and the precipitate thus obtained is cal- 
cined and fomied into a shaped fom, of a copper 
oxide - zinc oxide - aluminum ox.de m.xttire, this 
Shaped fom, is impregnated with iron and/or n«kel 
and further cateined to produce a calaned oxide 
and the calcined oxide thus obtained is reduced 

r?iJeSmrizing agent manufacturing method 
accordingtodaimA, Wherein thelronand/ornickel 

content in the cateined oxide is 1 to 10 wl ^. 

6 The desulfurizing agent manufactunng method 
according to claim 4 or claim 5, wherein the reduc- 
tion of the cateined oxide is perfomied at 150 to 
300°C using dilute hydrogen gas in which the hy- 
drogen concentration is 6 vol % or less. 

7 A hydrocartwn desulfurization method which is 
characterized in that a hydrocarbon raw matena^B 
desulfurized in the presence of hydrogen usmg the 
desulfurizing agent described in any of claims 1 

8 The Mrocarbon desulfurization method accoi^- 
inq to cteim 7, wherein an amount of hydrogen 
whfch is such that the hydrogenrtiydrocarbon raw 
material molar ratio is 0.0005 to 0.4 is P/^^nt. 

9 The hydrocarbon desulfurization method accord- 
ing to clSn 7 or claim 8, wherein desu«urizat.on « 
perfomied at a pressure of 0.05 to 50 atm, a tenv 
^rature of 100 to 400°C, and a space vetocrty 
(GHSV) of 200 to 1 0,000 h'^ ^ »^ 

10 The hydrocarbon desulfurization method ac- 
coKJing to claim 7, wherein the raw "^atf «' f'V^J- 
Srt)on IS town gas. and an amount of hydrogen 
whteh is such that the hydrogenftown gas molar ra- 
tio is 0.0005 to 0.4 is present. 

11 The town gas desulfurization method according 
to claim 10, wherein desulfurization is pertomied at 
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a pressure of 0.05 to 50 atm, a temperature of 1 00 
to 400"C, and a space velocity (GHSV) of 200 to 
10,000 h-^. 

12 The town gas desulfurization method according 
to claim 1 1 , wherein desulfurization is performed so 
that the sulfur content in the town gas is not more 
than 5 ppb (vol ppb). 

[0017] There are no particular restrictions on the man- 
ufacture of the copper-zinc-iron and/or nickel type des- 
ulfurizing agent (below, "iron and/or ntekel" may be ab- 
breviated to "X" in some cases) and copper-zinc-alumi- 
num-Xtype desulfurizing agent of the present invention; 
preferably, however, these desulfurizing agents are 
manufactured by the processes described below 

r001 81 The term "mixture of a copper compound and 
zinccompound"usedlnthepresent description includes 

both a state in which an aqueous solution is fomied by 
mixingacoppercompoundandzinccompoundwithw^ 
ter, and a state in whch hydroxides are fonned by this 
mixing so that a gel mixture is fonned. 

(1) Manufacture of Copper-Zinc-X Type Desulfurizing 
Agent 

[0019] First an aqueous solution containing a copper 
compound (e.g.. at least one compound such as copper 
nitrate or copper acetate, etc.) and a zinc compound (e. 
q at least one compound such as zinc nitrate, zinc ac- 
etkte etc ) and an aqueous solution containing an alkali 
substance (e.g.. at least one compound such as sodiurn 
carbonate, potassium caibpnate, etc.) are mixed and 
agitated, so that a precipitate is produced. The precipi- 
tate thus produced isthoroughly washed with water, and 
Is then filtered and dried. Next, the dried precipitate thus 
obtained is calcined at a temperature of about 270 to 
400''C and water is added to this calcined precipitate 
to fom^ a slurry, the slurry is filtered, formed and dned 
to produce a copper oxide - zinc oxide mixed fom.ed 
body 

[0020] The concentration of the copper compound (as 
copper) in the mixed solution is ordinarily about 0.1 to 1 
molfliter. The zinc concentration (as zinc) in the mixed 
solution is ordinarily about 0.1 to 1 molrtiter. There are 
no partteular restrictions on the mixture ratio of the cop- 
per compound and zinc compound. It is preferable that 
these compounds be mixed so that the ratio of copper : 
zinc (atomic ratio) in the mixed solution is about 1 : 0.3 
~ 1 0 a ratio of about 1 : 0.5 ~ 3 is even more desirable, 
and a ratio of about 1 : 1 ~ 2.3 is especially desirable. 
[0021] If necessary, a known binder such as graphite, 
etc.. may be added to the sluny beforehand at the rate 
of about 1 to 5 wt %. 

[0022] The forming of the copper oxide - zinc oxide 
mixture can be pert omied by an ordinary method such 
as extrusion forming, tablet fomiing. granulating, etc.. 
with using the slurry. There are no particular restrictions 
on the shape or dimensions of the shaped form. Con- 



sidering the pressure loss, etc.. in the process, it is or- 
dinarily desirable to make the shaped fom. in the form 
of a spherical shape, a tablet shape, a granular shape, 
etc with a size of approximately 2 to 6 mm. 
5 [0023] Furthemiore, the copper oxide - zinc oxide 
mixed form may also contain a metal oxide, e.g., chro- 
mium oxide, etc., in an amount no greater than about 2 
to 3 wt % In this case, such a metal compound (e.g., 
chromium oxide, etc.) may be dissolved beforehand in 
10 the mixed solution containing the copper compound and 
zinc compound, or a metal compound that has been 
separately prepared in advance may be mixed wrth the 
mixture containing the copper compound and zinc com- 

15 ra024] The copper oxide -zinc oxide mixed fomiob- 
teined as described above (in which the atomic ratio of 
copper : zinc is ordinarily about 1 : 0.3 ~ 10. preferably 
about 1 • 0.5 ~ 3. and even more preferably about 1 : 1 
~ 2 3) is immersed in an aqueous solution of the X com- 
20 pound (e.g.. a nitrate or acetate, etc.). so that the 
shaped form is impregnated with X atoms. The shaped 
fomi is then filtered and dried, the fomned body is then 
cateined at a temperature of about 270 to 400»C in an 
atmosphere of air. The metal concentration of the X 
25 compound in the aqueous solution is ordinarily about 
0 01 to 1 molfliter. It is advisable to adjustthe irtimersion 
time so that the X oxide content in the copper oxide - 
zinc oxide mixed sintered body after cateing is about 1 

to10wt%. ^ .. . 

30 [0025] The copper oxWe - zinc oxide - X oxide cal- 
cined body obtained as described above is subjected to 
a reduction treatment at a temperature of approximately 
1 50 to 350»C in the presence of a mixed gas of hydrogen 
and an inert gas (e.g.. nitrogen gas. etc.) which contains 
35 6 vol % hydrogen or less, preferably approximately 0.5 
to 4 vol % hydrogen, thus producing the desired desul- 
furizing agent. 



(2) Manufacture of Copper-Zinc-Aluminum-X Type 
40 Desulfurizing Agent 

[0026] The manufacture of this desulfurizing agent 
can also be accomplished in the same manner as the 
manufacture of the abovementioned copper-zinc-X type 
45 desulfurizing agent First, an aqueous solution contain- 
ing a copper compound (e.g., at least one compound 
such as copper nitrate, copper acetate, etc.), a zinc 
compound (e.g.. at least one compound such as zinc 
nitrate, zinc acetate, etc.) and an aluminum compound 
50 (eg at least one compound such as aluminum hydrox- 
ide aluminum acetate, sodium aluminate. etc.), arid an 
aqueous solution containing an alkali substance (e.g., 
at least one compound such as sodium carbonate, po- 
tassium carbonate, etc.), are mixed and agitated, so that 
55 a precipitate is formed. In this case, it would also be pos- 
sible to add the aluminum compound to the solution of 
the alkali substance, and to produce a precipitate by 
mixing this mixed solution with the mixed solution con- 



4 



EP1 192981 A1 



taining the copper compound and zinc compound. The 
precipitate thus produced is thoroughly washed wrth wa- 
ter and Is then filtered and dried. The dried precipitate 
thus obtained is calcined at a temperature of about 270 
to 400'*C, and water is added to this calcined precipitate 
to fomi a slurry. Next, the sluny is filtered, formed and 
dried to produce a copper oxide - zinc oxide - aluminum 
oxide mixed fomn. 

[0027] The copper concentration in the mixed solution 
is ordinarily about 0.1 to 1 mol/l iter The zinc concentra- 
tion in the mixed solution is ordinarily approximately 0.1 
to 1 mol/liter. The aluminum concentration in the mixed 
solution is ordinarily about 0.03 to 1 mol/liter. There are 
no particular restrictions on the mixture proportions of 
the copper compound, zinc compound and aluminum 
compound; however, the mixture ratio of copper : zinc : 
aluminum (atomic ratio) in the mixture is preferably 
about 1 : 0. 3 10 : 0.05 2, and is even more prefer- 
ably about 1 : 0.6-3: 0.3-- 1. 
[0028] If necessary, a known binder such as graphite, 
etc., may be added to the sluny beforehand in the range 
of about 1 to 5 wt %. 

[0029] The fomning of the copper oxide - zinc oxide - 
aluminum oxide mixed shaped fomn can be perfomied 
by an ordinary method such as extrusion fomning, tablet 
forming, granulating, etc.. with using the abovemen- 
tioned slurry. There are no particular restrictions on the 
shape or dimensions of the form. Considering the pres- 
sure loss, etc., in the process, rt is ordinarily desirable 
to provide the form in the form of a spherical body, a 
tablet or a granular, etc. having a size of approximately 
2 to 6 mm. 

[0030] Furthermore, the copper oxide - zinc oxide - 
aluminum oxide mixed f omned body may also contain a 
metal oxide, e.g.. chromium oxide, etc., in an amount 
no greater than approximately 2 to 3 wt %. In this case, 
such a metal compound (e.g., chromium oxide, etc.) 
may be dissoh^ed beforehand in the mixture containing 
the copper compound, zinc compound and aluminum 
oxide, or an aqueous solution of a metal compound that 
has been separately prepared in advance may be mixed 
with this mixture. 

[0031 ] The copper oxide - zinc oxide - aluminum oxide 
mixed fomied body obtained as described above (in 
which the atomic ratio of copper : zinc : aluminum is or- 
dinarily about 1 : 0.3 10 : 0.05 ~ 2, and is preferably 
about 1 : 0.6 - 3 : 0.3 ~ 1) is immersed in an aqueous 
solution of the X compound (e.g.. a nitrate, an acetate, 
etc.), so that the fonned body is impregnated with X at- 
oms! The formed body is then filtered and dried, after 
which the formed body is ordinarily calcined at a tem- 
perature of about 270 to 400*»C in the atmosphere. The 
metal concentration of the X compound in the aqueous 
solution is ordinarily about 0.01 to 1 mol/liter. It is advis- 
able to adjust the immersion time so that the X oxide 
content in the copper oxide - zinc oxide - aluminum oxide 
mixed calcined fonm after calcing is about 1 to 1 0 wt %. 
and preferably about 3 to 7 wt %. 



[0032] The copper oxide - zinc oxide - aluminum oxide 
- X oxide calcined fomn obtained as described above is 
subjected to a reduction treatment at a temperature of 
about 150 to 350°C in the presence of a mixed gas of 
5 hydrogen and an inert gas (e.g.. nitrogen gas, etc.) 
which contains 6 vol % hydrogen or less, preferably 
about 0.6 to 4 vol % hydrogen, thus producing the de- 
sired desulfurizing agent. 

[0033] The formed bodies of the copper-zinc-X type 
10 desulfurizing agent and copper-zinc-a!uminum-X type 
desulfurizing agent obtained as described above have 
dense structures consisting of aggregates of fine parti- 
cles, with extremely small copper particles dispersed on 
the surfaces of zinc oxide particles. Furthenmore, since 
15 the copper-zinc and copper-zinc-aluminum f omned bod- 
ies are impregnated with iron and/or nickel in the range 
of 1 to 10 wt %. an appropriate amount of iron and/or 
nickel adheres to and is present on the surfaces of the 
formed bodies. As a result of iron and/or nickel thus be- 
20 ing present on the surfaces of the fonned bodies, the 
amount of iron and/or nickel present inside the fonnned 
bodies, which does not contribute to desulfurization, is 
decreased, so that efficient desulfurization can be ac- 
complished. 

25 [0034] Since the amount of iron and/or nickel present 
on the surfaces of the fonmed bodies is set at an appro- 
priate amount, copper and iron or copper and nickel are 
mixed and dispersed very unifonmly as fine particles on 
the surfaces of zinc oxide particles. Accordingly, the 
30 formed bodies are in a highly active state as a result of 
chemical interaction with the zinc oxide. Consequently, 
side reactions such as methane fomning reaction and 
carbon deposition, etc.. which have tended to occur in 
the case of iron or nickel alone, are suppressed, and a 
35 highly active desulfurization perfomnance can be main- 
tained over a long period of time. 
[0035] On the other hand, in the fomned body contain- 
ing aluminum oxide, the aluminum oxide is uniformly 
dispersed throughout the formed body as a whole, so 
40 that sintering of the fine copper-ntekel particles and/or 
zinc oxide particles by heat is prevented, thus allowing 
a highly active state to be maintained. 
[0036] Accordingly, in cases where these desulfuriz- 
ing agents of the present invention are used, the sulfur 
45 content in various types of gases and oils can be reliably 
lowered to 50 ppb or less; under more desirable condi- 
tions this content can be lowered to 5 ppb or less, and 
under most desirable conditions, the sulfur content can 
be lowered to 0.5 ppb or less. 
50 [0037] Especially in the case of the copper-zinc-alu- 
minum-X type desulfurizing agent of the present inven- 
tion the heat resistance is maricedly improved by the 
action of the aluminum oxide. This leads to the major 
advantage of a conspicuous alleviation of the drop in 
55 strength and the drop in sulfur adsorbing power that oc- 
cur at high temperatures; accordingly, it is possible for 
the temperature range in which the agent can be used 
to be increased. 
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[00381 The desulfurizing agents of the present inven- 
lion can be used in the same manner ss universaUy 
known adsorption type desulfurizing agents by (for ex- 
ample) packing an adsorption type desulfurizatton ap- 
;ris of a specified shape wfth the d— "9 
agent, and passing the gas or oil to be punfied through 
this apparatus. . 
r00391 Specifically, the desulfurization method of the 
present invention is performed by causing a hydrocar- 
bon raw material to contact the copper-zinc-X type des- 
ulfurizing agent (obtained as described above) m atem- 
Serature range of appro)dmateV 1 00 to 400»C. or caus- 
ing such a hydmcarbon raw material to contac^ the co^ 
per-zinc-aluminum-Xtypedesulfurizingagent(obta.ned 

as described above) in a temperature range of apprwc- 
imately 100 to 400°C. Preferably, the hydrocarbon raw 
material is preheated to a predetemnined temperature 
by usingaheater or byamethodsuch as heat exchange 

wrth the desulfurized gas, etc.. prior to desulfunzation. 
r00401 The desulfurization method of the present in- 
tention is ordinarily perfom^ by passing a hydrocar^ 
bon raw material through a desulfurization lube filled 
with the copper-zinc-X type desulfurizing agent (or cop- 
per-zinc-aluminum-X type desulfurizing agent)^ 
[00411 The amount of hydrogen that is added may be 
detemiined in accordance with the types and amounts 
of sulfur compounds that are contained in the raw ma- 
terial. Since the sulfur content Is of the order of a f^ 
ppm. it is desirable that the amount of hydrogen added 
Z 0 0005 or greater, and preferably 0.001 or greater, in 
ternis of the molar ratio of this hydrogen to the raw-ma- 
terial hydrocarbon. In cases where desulfurization is 
perfomied as a pre-treatment for a steam reforming 
process, a portion of the hydrogen produced by the 
steam refomiing reaction may also be ^^If; 
[00421 The amount of desulfurizing agent that is hlled 
nto the desulfurization tube may be appropriately set in 
accordance with the sulfur content of the hydrocarbon 
and the conditions of use. etc.; ordinariV. however, tti s 
amount may be set so that the GHSV is approximately 
200 to 5000 h-1 in the case of a gaseous hydrocarbon, 
and so that the LHSV is approximately 1 to10h-i ,nthe 
case of a liquid hydrocarbon. 

[00431 In order to suppress the drop in activity of the 
copper-zinc-X type desulfurizing agent (or copper-zinc^ 
aluminum-X type desulfurizing agent) and thus expend 
the useful Irfe of the agent, it is desirable to pack the 
area on the upstream side of the copper-zinc-X type 
desulfurizing agent packed layer (or ^^PP^^'f 
num-X type desulfurizing agent packed layer) with a uni- 
versally known zinc oxide type adsorption desulfurizing 
agent or the like, so that sulfur compounds that can be 
adsorbed by zinc oxide, etc.. are removed beforehand. 
According to this method, the hydrogen sulfide, etc. 
contained in town gas that is manufactured using coal 
gas etc., as a starting material, can be removed by 
means of zinc oxide, etc. Accordingly, the load on the 
copper-zinc-X type desulfurizing agent (or copper-zinc- 



aluminum-X type desulfurizing agent) can be reduced 
so that the useful life of the desulfurizing agent can be 
extended. Furthem^ore. even in cases where mer- 
captan type sulfur compounds are contained m the raw- 
5 material gas. such compounds can be adsorbed on zinc 
oxide. Accordingly, the load on the copper-zinc-X ^e 
desulfurizing agent (or copper-zinc-aluminuiri-X type 
desulfurizing agent) can be reduced, so that the useful 
life of the desulfurizing agent can be extended. 
10 [00441 In cases where the sulfur content in the raw 
material is large, it is desirable to Pack the area on the 
upstream side of the copper-zinc-X type desulfunzing 
agent (or copper-zinc-aluminum-X type desutfunzing 
agent) with a universally known Co-Mo catalyst or Ni- 
15 Mo catalyst and a zinc oxide adsorbing agent, and to 
lowerthesulfurcontent to thelevelofafew ppm before- 
hand by means of a conventional hydrodesulfunzation 

SmsT The adsorbing agents of the present invention 
20 exhibit a high adsorbing perfomnance that is drfficutt or 
impossible to achieve using conventional adsort, ng 
agents. Accordingly, the desulfurizing agents of the 
present invention show a conspicuous effect especially 
in cases where these agents are used as secondary 
25 desulfurizing agents that perfonn a higher degree of 
desulfurization after the hydrocarbon raw matenal has 
been desulfurized as far as possible by using ordinary 

roSsT Examples of hydrocarbon raw materials that 
30 can be purified by the method of the present invention 
Include various types of town gas (in the pr^en ^ 
scription, this temi refers to gases consistng of at least 
one C, to Cg hydrocarbon, as well as mixed gases con- 
sisting principally of such hydrocarbons, whteh are sup- 
as plied to municipaiities). natural gas. ethane, propane 
butane, LPG, light naphtha, full-range naphtha and 
COG. etc. 
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100471 The copper-zinc-X type desulfurizing agen 
and copper-zinc-aluminum-X type desulfurizing agent 
of the present invention are extremely supertor in temis 
of hydrocarbon desulfurization perfomiance. A«»rd- 
45 ingly, tiiese agents show effects pemiitting highly des^ 
uBurized hydrocarbons to be obtained easily and in a 
stable manner over a long period of time by using small 
quantities of these desulfurizing agents. Gonsequentiy, 
even in cases where catalysts that are susceptib e to 
50 sulfur poisoning are used in the steam refomning of hy- 
drocarbon raw material, etc., the deletenous effects of 
sulfur can be eliminated to a great extent; e.g.. sulfur 
poisoning can be virtually completely prevented, etc. 

55 RPST MODE FOR C ^P°>^"^^- ^' "-^E INVENTION 

m0481 Below, the present invention will be described 
in greater detail in terms of examples and comparative 
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examples. It goeswithout saying thatthepresentinven 
tion Is not limited by these examples. 



Example 1 

[00491 A mixed aqueous solution containing copper 
nitrate and zinc nitrate at a ratio (molar ratio) of 1 .1 
J eSective concentrations: 0.5 mol/liter) was added 
KwTi under agrtation to an aqueous solution of so- 
dTSrbonate (concentration: 0.6 mol/liter) ma.n^ 
ZZd at a temperature of about 60»C. thus producing 
Jprtiptete. ™s predpttate was thoroughhr washed 
wfh water, fittered and dried. The dried precP-tate wj 
rinedaiatemperature of about 280»C^ndwasad^ 

ed to water so that a slurry was prepared. This sluny 
wasfilteredanddried;thenabinder(graph.te)w^add^ 

Xand the dried material was extruded into a shaped 

form having a diameter of 1/8 inch. 
Si T^e shaped fomi thus obtained was. mpreg- 

Swith an aqueous solution of nckelnitratenjiicon^ 
centration: 0.2 mol/liter). and was then dned. This 
fol^ body was then calcined at a temperature of ap- 
300-0, thus producing a desulfunzing 
ZZ^L The nicKel content of this desulfunzing 
SU"^orwas5wt%. Nitrogen gas contain.ng2 

S hydrogen was passed through a desulfunzafon 
i1lL'dwl5,100ccofthisdesuWur^lngag^^^^^^^^ 
sor {length of desulfurizing layer: 20 cm), and a reduc 
«on trelent was perfom,ed at a temperature of 
^OO'C thus producing a desulfurizing agent. 
roOSIl Town gas (1 3A gas) consisting of the cornpo- 
sition shown In Table 1 was desulfurized using this des- 
uSngagentataGHSVof1200h-^ahydrc>geJtoJ^^ 
gas ratio of 0.01 (molar ratio), a pressure of 0.02 kg/ 
cm2 G, and a temperature of 250"'C. 

Tablet 
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ant. in this case, the hydrocarbons, ^jfj^j;; 
points that were lower than the tempera ure of the dnr 
L-ethanol(196K)passedthroughtheU-shapedtube, 

while the sulfur compounds were trapped concen- 
5 tratedinsidetheU-shapetube./Vfterasuff^ier^tqu^^^^^ 

of sulfur compounds had been concentrated .ns.de the 
U-shaped tube,the outlet oftheU-shape tubewasoon- 

n^Sto the gas introduction part of the FPD-g^ chro- 
Sgrlph, andthe U-shaped tube was rapidly heate^ 
,0 Se^olantbeingremovedwhileacarr^rgaswas 

Lsed to flow through. The su«ur compounds ^^^^ 
in the U-shaped tube were earned .nto the FPD gas 
chLatograph by the carrier gas, and a quantitative 
anZS was perfomied in this FPD-gas chroma o- 
.5 g ;rThe lower l^tt of detection of this method ateo 
Lends on theconcentration method that |sused.how- 
ever, this limit is about0.1ppbfora100-foldco,icentra- 
L.Thisquantitat^eanalysismethodforthesuifi.r.^^ 
centration will be referred to below as the "cold trap 
20 method". 



Methane 


86.9 vol % 


Ethane 


8.1 vol % 


Propane 


3.7 vol % 


Butane 


1 .3 vol % 


Odorizing agents 


3 mgS/Nm^ 


Dimethyl sulfide 


t-Butylmercaptan 


2 mg-S/Nm^ 



ro0521 When the sulfur content in the town gas after 
Surization was measured oon«n"ous^^ was 
found that this content was always 0.1 ppb or less .n 
8000 hours of operation. „«„rie«iii 
r00531 The sulfur content in the town gas after desul 
urizalon was measured by '^"-f "^^r^^^:;,^^^^ 
on gas chromatog-aphy using a flame photometry de 

ISSrTOs method was perfom,ed using the follow^ 
ng procedure. First, atlxed amount of the desutfunzed 
own aas was passed at a fixed velocity through a U- 

Taped girtu'be immersed in a dry - ethanol cool- 



Example 2 

ra055] A mixed aqueous solution ~"t«'"'"9 "•^^^ 
25 nitrate, zinc nitrate and aluminum hydroxide at a ratio 
Llarratio)of1 :1 : 0.3 (respective concentrations. 0^5 
moier) was added dropwise under agitation to an 

ZZul solution of sodium carbonate ico,^^^"^ 
0^mol/liter)maintainedatatemperatureofabout60C 

so Ls producing a precipitate. This preciprtate was thor- 

ouahlv washed with water, filtered and dned. 

The driedprecipttate was calcined atatemper- 

atSJof approximaiely 280»C. and was added to werter 
to prepare a slurry. This sluny was filtered and dned. 
35 then, a binder (graphite) was added. The resultant ma- 
teriai was extnided into a fomied body having a diame- 

pS^^S'tonned body ti,us obtained was impreg- 
Ldwfth an aqueous solution of nickeln*rate(N.^^^^^ 
40 centration: 0.2 moMiter). and was then dned. The dned 
formed body was then caldned at a temperature o^^J. 
proximately 300-C. thus producing a desuminz ng 
rXrecursor. The nickel content of this desulfunzing 
aqen precursor was 5 wt %. Nrtrogen gas containing 2 
45 S hydrogen was passed through a desulfunzafon 
;til2iw?h100ccofthisdesulfurizingagentprec^^^ 

Tor (length of desutturizing layer: 20 cm), and a reduc^ 
tion treatment was carried out at a temperature of 
200°C, thus producing a desulfurizing agent. 
50 [00581 Town gas (ISA gas) having the composrt^n 
shown in Table 1 was desulfurized with using th« des- 
«agentataGHSVof1200h-iahydrogenAow^ 
□as ratio of 0.01 (molar ratto . a pressure of 0.02 kg? 
S.G and a temperature of 250'C. When the sulfur 
55 content in the gas after desutturization was measurj 
continuously by the cold trap method, was found that 

this content was always 0.1 ppb or less m 8000 hours 

of operation. 
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Example 3 

rno591 A mixed aqueous solution containing copper 
E andrcn JeataratioCI : 1 i^^^^^-^^-^^ 
added dropwise under agitation to an aqueous solution 
ofsodi"m^rt>°"«te {concentration: 0.6 moWit^) mam- 
teinedrateniperatureofapproximatelyeO'C.thuspro- 

d cfng a prec^te- Thfe precipitate was thorough^ 
iSwSh wL. filtered and dried^The ned^^^^^^^ 

itate was calcined atatemperature of about 280 C, and 
Z ^dded to water to prepare a slurry. Thte slurry 
Xed and dried; then, a binder (graphite) was added^ 
^e dried material thus obtained was extruded into a 
shaped fom. having a diameter of 1/8 inch. 
tMMl The shaped fom, thus obtained was impreg- 
EUh an aqueous solution of i- « - co- 
centration-. 0.2 mol/litei), and was then dned. The 
TaS fom, thus dried was cateined at a temperature 
of aSoutSOO'C. adesulfurizingagentprecursorwas ob- 
^nSlereby The iron content in this desulfunzing 
Spr^nirsor was 5 wt %. Nitrogen gas containing 2 
S hydrogen was passed through a desutfuriza«on 
Jube loaded with 100 cc of this desulfunzing agent pre- 
cursor (length of desulfunzing layer 20 cm), and a re- 
"u^^n treatment was perfom,ed at a tempera^re of 
200-C, so that a desulfunzing agent was Produced 
rroeil Town gas (13A gas) having the composition 
EinTableTwas desulfurized using this desulfunz- 

fng Igent at a GHSV of 1 200 h-i . a Mroge-^o- 9- 
ratio of 0.01 (molar ratio), a pressure of 0.02 kg/cm e, 

Son was measured continuoushr by the cold trap 
method, rt was found that this content was always 0.1 
ppb or less in 6000 hours of operation. 



desulfurizationwas measured continuously.the«>^^^^^^^ 
was21 ppb after 1260 hours had elapsed, and the sulfur 
content subsequently increased even further. 

5 Comparative Example 2 

rnnfiTl A mixed aqueous solution containing copper 
StrSanizTcn Jeataratioofi :1 
added dropwise under agttation to an aqueous solution 
,0 :?SiumLrbonate(concentra«on:a6— 

taincd at a temperature of approximately 60 C. The pre 
Smte thus produced was washed. Altered and dned. 
anCwdereSnickeloxidewasthenmixedwiththep.^ 
c fJtSte. This mixture was then extnided into a shaped 
is fom, having a diameter of 1/8 inch. This shap^ Jo-^ 
was calcined at a temperature of approximately 300 ^ 
S^s producing a desulfurizing agent precursor. The 
nickefcontentTn this desulfurizing agent precursor was 

SasseSlthroughadesumirizationtubeinedw^^ 
of this desulfurizing agent precursor (length of desul 
S^rizing layer: 30 cm), and a reduction treatment was 
pe^Zed at a temperature of 200'C, thus producing a 

25 desulfurizing agent. „„,„„„oitinn 
[00691 Town gas (13A gas) having the composrtion 
shown in Table 1 was desulfurized with using th« des- 
S:gagentataGHSVof1200h-i.ahyd.ge^^^^ 
gas ratio of 0.01 (molar ratio), a pressure of 0.02 kg/ 
30 crT,2.G. and a temperature of 250°C. _ 

rooTOl When the sulfur content in the gas after desul 
Eln was measured continuously, the content w^ 
21pTafter2200hourshadelapsed,andthesulfurcon- 

tent subsequently increased even further. 

35 

Example 4 



Comparative Example 1 

m0631 A mixed aqueous solution containing copper 
KanSzrcnJeataratio of 1 :1 (molar ratio was 

aSdlpwise under agrtation to an aqueous solution 
:fSiumcarbonate(concentration:0.6mo.l.teO^^^ 

falned at a temperaUire of about ^O'C^^e pr^P^«^« 
thus produced was washed, filtered and dned. and was 

hen extruded into a fom,ed body with a diameter of 1/8 
S This fom,ed body was calcined at a temperature 

fS''wngascontaining2vol%hydrogenw^ 

nassed through a desutfurization tube packed wrth 1 00 
S^hifcalc^edbody (length Of desujun^ingla^n^^ 
cm) and a reduction treatment was perfom,ed at a tern 
^lreof200"C,.husprodudngadesulf«^^^ 
[00651 Town gas (13A gas) consisting of the^r.^ 
Stion shown in Table 1 was desulfurized using the des- 

l::;ngagentataGHSVof1200h-i.ahydroge^o^ 

gas ratio of 0.01 (molar ratio), a pressure of 0.02 kg/ 

cm^ G, and a temperature of 250°C. 

P0661 When the sulfur content in the gas following 



[00711 A mixed aqueous solution containing copper 
nit J, zinc nitrate and aluminum nitrate at a ratio of V 
^ ; :0.3(molarratio)(respectK,econcentrations:0^5m^^ 
liter,0.5mol/ltterand0.15moWrter) was added dropwse 

unc^r agitation to an aqueous solution of sodium car^ 
Late 'concentration: 0.6 ^oMer) nmntB.ne6^^ 

temperature of about 60»C, producXJ'X 
45 tateThisprecipitatewasthoroughlywashedwrthwater, 

S ^"^eSipreciptotewasca^inedatatem^e. 
ature of approximately 350»C. and was then added to 
water so that a sluny was prepared. This^urry was W- 
50 terSanddried.abinderwasthenadded^The n^^^^^^ 
lerial was fomied into a tablet having a d-ameter of 1/4 
nch and a length of 1/8 inch. This tablet was . mpregnat- 
^SanaqulussolutionofnlckelnHjeJ^^^ 
tration: 0.3 moWter). and was then dried and calcined 
55 at atemperatiire of about 300OC. thus producing a des- 
^rtSSmg'tgentprecu.sor.Thenk.ke.contentinth^des- 

ulf urizing agent precursor was 7 wt ^ 
[00731 Nitrogen gas containing 2 vol % hydrogen was 
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passed throughadesulfurization tube packed v«th1000 
cc of the desulfurizing agent precursor thus obtained 
(length of desulfurizing layer: 200 cm), and a redu<^on 
!ream,ent was performed at a temperature of about 
200°C thus producing a desulfurizing agent. 
ro074] With using this desulfurizing agent hexane 
Ltalnlng0.1mg-Sfllterthlophenewasdesuttur^^^^^^^^^ 

an LHSV of 1 .7. a hydrogenfliexane ratio of 0.3 (moia 
?ioraP'«ssureof9.5k9/cm2.G.andatemperatureof 

SSrWhen the sulfur content in the desulfurized 
hexane thus obtained was measured conBnuouslybya 

total sulfur analyzer (manufactured Houston A«as 
C0 1 it was found that this content was always less than 
the detection limit (0.005 mg-S/liter) in 4000 hours of 
operation. 

Example 5 

r00761 By using a desulfurizing agent prepared in the 
same manner as in Example 4. hexane contaimng ai 
mg-S/literbenzothiophenewasdesulfunzedatanLHSV 

S 1 7 a hydrogenAiexane ratio of 0.3 (molar ratio), a 
pressure oJ 9.5^.3. and a temperature of about 

rS" When the sulfur content in the desulfurized 
hexane thus obtained was measured continuously by 
u^g a total sulfur analyzer (manufactured by Houston 
Atlas Co.).this content was always less than the detec- 
tion limit (0.005 mg-S/liter) in 4000 hours of operation. 
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TableZwas passed throughareaction tube packed with 
;t desu^uJzing agent at a GHSV of 250° tr^^ a p^^ 
sure of 1 kg/cm2.G. and a temperature of 350 C^nd 
the composition of the gas at the outlet was analysed 
5 by means of a gas chromatograph. As a resuM w^ 
found that the CO concentration in the outlet gas was 
1 8 vol %; furthemiore, almost no rise in temperature 
due to a methane fomiing reaction was seen. 
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Table 2 



Nitrogen 


90.0 vol % 


CO 


2.0 vol % 


Hydrogen 


8.0 vol % 



Example 6 , 

r00781 A mixed aqueous solution containing copper 
nitrate, zinc nitrate and aluminum hydroxide ata ratio of 
1-10 3 (molar ratio) was added dropwise under agi- 
tation to an aqueous solution of sodium ca*onate (^n- 
centration: 0.6 moWer) maintained at a ten^P«^"[« ^ 
approximately 60'C. thus producing a P'^^'^'^ '^^ 
pT^rfpitate was thoroughly washed with water, filtered 

[MrepThe dried precipitate was calcined at a ternper- 
ature of approximately 280»C. and was the" added to 
water to prepare a slurry. This slurry w-j.rter«i an^ 
dried; then, a binder (graphite) was added. The dned 
material was granulated into granules ha>«ng a s«e of 
about 1 to 2 mm. The granules were impregnated with 
an aqueous solution of nickel nitrate (Ni ^on^ntra^ion. 
0 2 mol/liter) . and was then dried and calcined at a ten«- 
peratureof approximately 300°C,thusprodu<^gad^- 
ulf urizing agent precursor. The nickel contentin thisdes 
urizing agent precursor was 5 wt %. A micr.rea^r 
(internal diameter. 0.6 inches) wasfilledwrth icco^tm^ 
desulfurizing agent precursor. Nitrogen gas «,ntam.ng 
2 vol % hydrogen was passed through this rn-cro-reac- 
tor and a reduction treatment was perfom>ed at a tem- 
□erature of 200°C, thus producing a desulfurizing agent. 
[0080] A mixed gas having the composition shown in 



Comparative Example 3 

100811 A mixed aqueous solution containing copper 
nitrate, zinc nitrate anJ aluminum hydroxide at a ratio of 
110 3 (molar ratio) was added dropwise under agi- 
tatlontoanaqueoussolutionofsodiumcarbonate^n- 

centration: 0.6 mol/lrter) maintained at a ternperature o 
about eo-C. thus producing a precipitate. This resultant 
precipitate was thoroughly washed with water, fiftered 
and dried. Next, the dried precipitate was calcined at a 
temperatureofabout280'C.andaddedtowatersothat 

asiurry was prepared. This slurry wasfilteredanddn^ 

PoSed nLel oxide was mixed wrth the dried mixed 
oxide thus obtained; then.abinder (graphite) w^add^ 
ed.Themixturewasgranulatedtofomigranuleshav.ng 

^ fsize of approximately 1 to 2 mm. The S-nu - were 
dried and was then cafcined at a temperature of approx- 
imately 300°C, thus producing a desulfunzing agent 
precuLr. The nickel content in this desulfurizing agent 
Dreoursor was 5 wt %. 

roS21 A micro-reactor (intemal diameter: 0.6 inch) 
was packed with 1 cc of this desulfurizing agent precur- 
sor Nitrogen gas conteining 2 vol % hydrogen was 
passedthroughthismicro-reactor.andareduJ|ontr^^^^^ 
ment was perfomied at a temperature of 200 C, thus 
*° nroducing a desulfurizing agent. 

ra0831 When a mixed gas consisting of the composi- 
lion shown in Table 2 was passed through a reaction 
tube packed with this desulfurizing agent under the 
sameconditionsaslnExampie6.TheCO«>ncen^a^n 

" in the outlet gas was approximate^ 0 vol % and a con- 
spicuous temperature rise caused by a methane fomv 
Ing reaction was obsen/ed. 



Comparative Example 4 

ro0841 A micro-reactor (intemal diameter: 0.6 inch) 
Ls packed wtth 1 cc of a commercial mari^eted nickel 
catalyst supported on alumina(nickel content: 20 «rt/fc)_ 

Nitrin gas containing 2 vol % hydrogen was passed 
^ L!?gh this m«ro-reactor, and a reduction treatment 
was perfomied at a temperature of approximately 
200°C, thus producing a desulfurizing agent. 
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[00851 When a mixed gas having the composition 
shown in Table 2 was passed through a reacfton tube 
packed with this desulfurizing agent under the same 
conditions as in Example 6. the CO concentration in the 
^utlef gas was approximate^ 0 vol % and a c«nsp«u- ^ 
ous tOTperature rise caused by a methane fomiing re- 
action was observed. 



aqent at an LHSV of 1 .7, a hydrogenrtiexane ratio of 0.3 
(Larratio).apressureof9.5kg/cm2.Gandatemper^ 
ature of 370'>C. When the sulfur content in the hexane 
after desulfurization was measured continuously, the 
content was 0.01 mg-S/liter after 455 hours had 
elapsed, andthesulfurcontentsubsequently increased. 

Example 7 



Comparative Example 5 

roo861 A mixed aqueous solution containing copper 
nitrate, zinc nitrate and nickel nitrate at a ratio of 1:1: 
0.3 (molar ratio) and an aqueous solution of sodium car- 
bonate (concentration: 0.6 mol/liter) were simultaneo^^^^ 
ly added dropwise at a constant rate under agitation to 
purified water maintained at a temperature of about 
60°C The precipitate thus produced by co-preapitation 
was washed, filtered and dried; then, this dried precipi- 
tate was calcined at a temperature of approximately 
280-C. The calcined product was added to water so tha^ . 
a slurry was prepared, and this slurry was then tittered 
anl d^ed. A biTder (graphite) was added to the dned 
product thus obtained, and this dried product was 
iomed into granules having a size of approx'm«te>y 1 
to 2 mm. The nickel content of this desulfunzing agent 
precursor was 5 wt%. na ;^r~M 

r00871 A mfcro-reactor (internal diameter 0.6 inch) 
was filled with 1 cc of this desulfurizing agent precursor^ 
Nitrogen gas containing 2 vol % hydrogen was passed 
th ough L micro-reactor, and a reduction treatment 
wis irfom^ed at a temperature of about 200»C, thus 
producing a desulfurizing agent. 
ro0881 When a mixed gas consisting of the composi- 
tion shown In Table 2 was passed through a reaction 
tube filled with this desulfurizing agent under the same 
conditions as in Example 6. the CO concentration in the 
outlet gas was 1 .5 vol %. and a temperature nse caused 
by a methane fomiing reaction was observed. 

Comparative Example 6 



[00891 A mixed aqueous solution containing copper 
nitmte, zinc nitrate and aluminum nitrate at a ratio of 1: 
10 3 (molar ratio) was added dropwise under agitation 
to an aqueous solution of sodium carbonate (concen- 
tration- 0.6 moWlter) maintained at a temperature of ap- 
proximately 60°C. The precipitate thus produced was 
iihed, fLed and dried. The dried precipftate ««« 
then fomied into a tablet having a diameter of IMjnch 
and a length of 1/B inch, and the tablet was calcined at 
a temperature of about 400"C. Nitrogen gas containing 
2 vol % hydrogen was passed t^'^^^Sh « cl^ulfunzajon 
tube filled with 1000 cc of the calcined body (length o 
desulfurizing layer: 200 cm), and a reduction treatment 
was carried out at a temperature of about 200°C. Thus, 
a desulfurizing agent was obtained. 
r00901 Hexane containing thiophene at the rate of 0.1 
mg-Sfliter was desulf urized with using the desulfurizing 



10 [00911 A raw material for a fuel cell power generating 
svstem was subjected to a desulfurization test. The des- 
utfurization apparatus used as a desulfurization appa- 
ratus loaded with 38 liters of a copper-zinc-aluminum- 
nfckeldesulfurizlngagent obtained by the sannem^hod 

,5 of manufacture as In Example 1 (length of desulfunzing 
laver: about 76 cm). . 
[00921 As a raw material, town gas 13A consisting of 
the components shown in the abovementioned Table 1 
(12 Nm3/h, GHSV = 320 h ^ was preheated to a tenn- 
20 perature of about 200°C. The gas was introduced into 
ttie desulfurization apparatus together with a redded 
gas containing 1 Nm3yh hydrogen, and was desul- 
ftirized. The desulfurized gas was supplied to a steam 
refom^ing reaction at an S/C ratk, of 3.0 reaction tem- 
25 peratures of 450-C (inlet) and 665'C (outlet), and a re- 
action pressure of 0.1 kg/cm^. 
[00931 The fuel gas that had been subjected to the 
steam retomilngtreatmentwas converted ataconverter 

outiet temperature of 190»C and a reaction pressure of 
30 0 05 kg/cmz in a heat exchange reactor type carbon 
monoxide converter packed with a commercially mar- 
keted low-temperature carbon monoxide conversion 
catalyst. Afterward, the gas was conducted to the fuel 
pole of the fuel cell main body, and was reacted wrth 
35 oxygen in the air pole Introduced into the oxidation pole, 
so that electrical energy was obtained. 
[00941 When the sulfur content in the gas at the outlet 
of the desulfurization apparatus was measured contin- 
uously, this sulfur content was 0.1 ppb or less even afte 
40 20 000 hours had elapsed; the steam reforming catalyst 
rr^alntained a high activity comparable to the activrty 
seen immediately after the initiation of the reaction, and 
the fuel cell operated nonnally. 
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Claims 



1 A desulfurizing agent manufacturing method com- 
prising mixing a mixture containing a copper corn- 
so pound and a zinc compound with an aqueous so u- 
tion of an alkali substance to prepare a preapitate. 
calcing the resultant precipitate, forming the cal- 
cined precipitate into a shaped torn of a copper ox- 
ide - zinc oxide mixture. Impregnating the shaped 
55 form with iron and/or nfckel, cateining the impreg- 
nated form to produce a cakslned oxide, and reduc- 
ing the calcined oxide with hydrogen. 
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2 The desulfurizing agent manufacturing method ac- 
cording to claim 1 . wherein the iron and/or nickel 
content in the calcined oxide is 1 to 1 0 wt %. 

3 The desulfurizing agent manufacturing method ac- 
■ cording to daim 1 or daim 2. wherein reduction of 

thecateined oxide is perfomied at 150to 300°C us- 
ing dilute hydrogen gas in which the hydrogen con- 
centration is 6 vol % or less. 

4 A desulfurizing agent manufacturing method com- 
prising mixing a mixture containing a copper com- 
pound, a zinc compound and an aluminum corn- 
pound with an aqueous solution of an alkali sub- 
stance to prepare a precipitate, calcining the result- 
ant precipitate, forming the calcined precipitate into 
a shaped form of a copper oxide - zinc oxide - alu- 
minum oxide mixture, impregnating the shaped 
form with iron and/or nickel, calcining the impreg- 
nated forni to produce a calcined oxide, and reduc- 
ing the cateined oxide with hydrogen. 

5 The desulfurizing agent manufacturing method ac- 
cording to daim 4, wherein the iron and/or nickel 

content in the calcined oxide is 1 to 1 0 wt %. 

6 The desulfurizing agent manufacturing method ac- 
cording to daim 4 or daim 5, wherein reduction of 
the caldned oxide is perfomied at 150 to 300°C us- 
ing dilute hydrogen gas in which the hydrogen con- 
centration IS 6 vol % or less. 

7 A hydrocartjon desulfurization method which is 
characterized in that a hydrocarbon raw matenal 

is desulfurized in the presence of hydrogen with us- 
ing the desulfurizing agent described in any of 
claims 1 through 6. 

8 The hydrocarbon desulfurization method according 
to daim 7, wherein an amount of hydrogen which is 
such that the hydrogen/hydrocarbon raw matenal 
molar ratio is 0.0005 to 0.4 is present. 

9 The hydrocarbon desulfurization method according 
to daim 7 or daim 8, wherein desuthjrization is per- 
fomied at a pressure of 0.05 to 50 atm, a tempera- 
ture of 1 00 to 400''C, and a space velocity (GHSV) 
of 200 to 1 0,000 h V 

10 The hydrocarbon desulfurization method according 
' to claim 7, wherein the raw material hydrocartson is 

town gas, and an amount of hydrogen is present so 
that the hydrogenAown gas molar ratio is 0.0005 to 
0.4. 

11 The town gas desulfurization method according to 
daim 10, wherein desulfurization is perfomned at a 
pressure of 0.05 to 50 atm, a temperature of 100 to 



400°C, and a space velocity (GHSV) of 200 to 
10,000 h V 

The town gas desulfurization method according to 
claim 11, wherein desulfurization is perfomied so 
that the sulfur content in the town gas is not more 
than 5 ppb (vol ppb). 
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